To elucidate the synthesis of cobalamin coenzymes in view of comparative biochemistry, tissue distribution of activity of aquacob alamin reductase [EC 1.6.99.8] catalyzing the reduction of hydroxo cobalamin to cob(II)alamin was studied in some vertebrates. Activity of NADH-or NADPH-linked aquacobalamin reductase (or both) was found in some tissues of monkey, rat, cow, hog, chicken, fish, and frog. The liver homogenates of these vertebrates contained both NADH-and NADPH-linked enzymes. Monkey and rat livers accounted for more than 80% of total activities of both NADH-and NADPH-linked en zymes. Ratios of activities of the liver NADH-and NADPH-linked enzymes were above 1.0 in some land animals (monkey, rat, cow, and hog) but below 1.0 in water animals (sea and freshwater fishes). These different ratios are presumably due to the difference in the metabolisms of cobalamin and/or in the other cellular components between land and water animals.
Studies on the synthesis of cobalamin (Cbl) coenzymes in bacteria have indicated that three distinct enzymes; aquacobalamin reductase, cob(II)alamin reductase [EC 1.6.99.9], and cob(I)alamin adenosyltransferase [EC 2.5. 1.17 involved in the conversion of OH-Cbl to AdoCbl (1-3). The AdoCbl synthetic activity has been reported to occur in some microorganisms (3, 4) and mammalian cells (5-7). Aquacobalamin reductase catalyzing the reduction of OH-Cbl to cob(II) alamin has been reported to occur in Clostridium tetanomorphum (2) and Euglena gracilis (8), but not in any mammalian cells. The Clostridium and Euglena enzymes were specific to NADH and NADPH, respectively (2, 8). The Euglena enzyme has been purified and characterized (4). In animals, however , understanding of the synthesis of the Cbl coenzymes has been limited because of lack of information available on the enzyme. We describe the occurrence and tissue distribution of the enzyme in some vertebrates from the standpoint of comparative biochemistry . and NADPH-linked enzymes, but neither enzyme activities were found in their serums. Non-enzymatic reduction of OH-Cbl by reducing substances in the hom ogenates were not detected at all. The enzymatic products of rat liver NADH-and NADPH-linked enzymes were identified by measuring their absorption spectra . The absorption maximum of authentic OH-Cbl and cob (II) alamin was at 525 and 475nm, respectively, and that of the enzymatic products of each enzyme was gradually shifted from 525 to 475nm with the passing of the reaction time ( Fig. lA  and B) . The similar spectra were also obtained with the other homogenates of rat and monkey tissues. Although specific activity of NADH-linked enzyme was relatively higher than that of NADPH-linked enzyme in some tissues of rat and monkey, a homogenate of rat jejunum or monkey liver contained both enzymes with similar degree of specific activities. Both activities of NADH and NAD PH-linked enzymes in rat liver and pancreas, and monkey liver , spleen, kidney, and adrenal body showed higher specific activities than those in the other tissues . The livers of monkey and rat accounted for more than 80% of total activities of both enzymes, coinciding with the facts that AdoCbl predominates in mammalian liver , which contains more total Cbl than any other organs(10 , 11). The results suggest that mammalian liver is the most functional organ in the synthesis of the coenzyme form Cbls. Table 3 shows the distribution of NADH-and NADPH-linked enzymes in the tissues of some other vertebrates. NADH-and/or NADPH-linked enzyme(s) was found in all tissues of the animals tested. The enzymatic products in the tissues were identified as cob(II) alamin by the same spectral experiments as demonstrated in Fig. 1 (data not shown) . Livers of all the vertebrates contained both enzymes with relatively high specific activities in the same manner as rat or monkey.
MATERIALS AND METHODS

Animals
The Clostridium enzyme required FAD or FMN for reduction of OH-Cbl to cob (II) alamin (2), but the Euglena enzyme does not (4). The 1mM FAD or FMN did not affect the activities of all enzymes of these vertebrates (data not shown). The Clostridium and Euglena enzymes have been reported to be specific to NADH and NADPH, respectively (2, 4), while both types of the enzymes occur in some All values represent specific activity (nmol/min/mg protein). Bar and ND mean not tested and not detected , respectively. Table 4 .
Ratios of activities of NADHand NADPH-linked aquacobalamin reduc tases in livers of some animals. The ratios were calculated from the data of Tables 1 ,   2 , and 3.
tissues of the vertebrates.
Since the results presented here suggest that the Cbl coenzymes are mainly synthesized in livers of the vertebrates, ratios of activities of the liver NADH-and NADPH-linked enzymes are summarized in Table 4 . The ratios were above 1.0 in some land animals (monkey, rat, cow, and hog) while in water animals (sea and freshwater fishes) they were below 1.0. The drastic changes of the ratios between frog and its tadpole are shown. The different NADH/NADPH ratios would be due to the difference in the metabolisms of Cbl and/or in the other cellular components between land and water animals, but there is little information available on Cbl metabolism in fish and amphibians.
